Abstract-Application of the method of analytical design of aggregated regulators for constructing systems of control over nonlinear objects under the conditions of uncertainty (with incomplete description) is discussed. The controlled objects are presented as a system of ordinary noninear differential or difference equations with chaotic behavior in case of certain combinations of parameters. The formulation of control problem for a poorly formalized object is given and the synthesis control algorithm is presented and theoretically validated. Illustrative example of application of the proposed algorithm is provided along with its numerical simulation data. The results obtained would be useful in developing an intelligent control system and making decisions in real time in control policy of various application objects in robotics, in control of electromechanical objects, economic entities, etc.) Keywords-Multidimensional nonlinear object, target manifold, adaptation to manifolds, bounded noise with unknown description
It is also known that all real systems are nonlinear, multidimensional and have complex transients. In addition, there are also critical and chaotic regimes in case of certain combinations of nonlinear objects parameters.
The objects discussed here are represented by systems of ordinary non-linear differential or difference equations with chaotic behavior. They are models of deterministic chaos. In open-loop states, mathematical models of chaotic objects are thought to be unstable that means the following: there are such initial conditions and parameter values of these objects when the property of self-regulation is no longer valid for them.
Here we use the physical invariants concept [3, 4] and fundamental property of natural self-organization in dissipative systems. The essence of synergetic control theory [3] boils down to the following provision: the purpose of a control system is to achieve a predetermined state (target attractors, invariant manifolds).
This paper deals with an application of the technique of nonlinear adaptation on manifolds for an object represented by a system of differential (difference) equations and a part of their description is unknown.
II. BASIC ASSUMPTIONS

A. Mathematical Model for Object
The controlled object is represented by a system of ordinary differential equations:
where x is a vector of states, u is a vector of control variables, f is a nonlinear vector function; some components of the vector f are unknown.
The controlled object can be also represented by a system of differrential equations with a partially unknown description:
where x is a vector of states, u is a vector of control variables, f is a nonlinear vector function; some components of the vector f are undetermined.
Here we construct a new approach of application of analytical design of aggregated regulators (ADAR) and nonlinear adaptation on manifolds [3, 9] to design a control system for a non-linear 3-dimensional economic object with incomplete description . We also assume that 3, 2 n m   .
B. Basic Requirements to the Controlled Object
The control synthesis algorithm with program-defined adaptation to a given manifold assumes that the following standard requirements to be fulfilled [3] . Let us list these provisions once again because of their importance: a) there is an asymptotically stable target system which matches the desired physical tasks; b) all solutions of the initial system have to be limited; c) an initial model of the object's state has to be stabilizable; d) there is an attractive target manifold described by   0 X   with respect to the object's initial system of equations, where
is a certain continuous differentiable vector function that points the desired physical properties of the target state, which is referred to goal macro-variable, which dimension coincides with that of the control vector, and the quality functional of the synthesized control system is given by
continuous and have differentiable functions for all l  such
are the parameters of regulator settings; they are proportional to the duration of motion of an object image point to the target
Vector function ψ(x) is called target macrovariable if x is an object state. It should be noted that dimensions of ψ(x) vector and control function vector have to be the same.
C. Mathematical apparatus of the classical algorithm for object constructing control
Now, to make the paper more readable, we first consider all fundamentals ADAR for a three-dimensional object (without the loss of generality). The proof of Lemma 1 relies directly on the results of theoretical mechanics and follows from [11] . This proposition plays a main role in constructing control with predetermined target properties of an object.
Lemma 1. Let there exists a variational problem
Hence, the global minimum of the quality functional (3) 
D. Statement of the Problem
Suppose x is an object state, x satisfies the following system of ordinary differential equations: It is also assumed that estimates 1 3 ,f f of unknown functions 1 3 , f f are known.
Under the conditions of B.a)-B.d) subsection we have the following control problem.
It is required to perform control in the object state space that transfers an object from the given initial state x 0 R 3 into the neighborhood of the target manifold ψ(x)=0 and supplies the minimum value to the quality functional of the form (3) considering 2-dimensionality of control action.
III. PROBLEM SOLUTION
A. Algorithm of Synthesis of Object Vector Control with
Incomplete Description Let a target state set for the controlled object (4) be given in the form:
In particular, it can be assumed that
where 10 30 , x x are given target values of variables 1 2 , x x . It means the stabilization of variables in the neighborhood of the target set of states
Next, to make the algorithm more readable, we consider the process of control constructing with macro-variables expressed as (6) .
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Basic provisions of the algorithm for constructing control of an object with incomplete description are follows.
1. Use the estimates 1 3 ,f f instead of unknown functions 1 3 , f f . Now note that functions 1 3 ,f f can be quite rough estimates of functions 1 3 , f f , but it is required that the values , 1 3 ,
Hence, within this step of the algorithm, we have the following system: 
where
2 is a vector of additional control functions intended to compensate the uncertainty 1 2 , f f arising from the replacement of unknown components by their known estimates 1 2 ,f f ;
is a control vector according to the method of ADAR [3] for an object: 
, considering the system of (8).
Lemma 2. Suppose the controlled object has a description of the (8) form and there is an analytical description of the control target (6). Then
occurs and a control system for an object (8) is asymptotically stable.
The proof of Lemma 2 is based on the method of ADAR and briefly consists of the following. 
Synthesis of control
3. Now we should define the variable control
The further constructing of a control system for an object (7) is based on the method of the second theorem of Lyapunov and consists of the following.
We substitute
from (9) into the system (7), we obtain a system in the decomposed form:
We choose the Lyapunov function in the form:
We define the derivative of the Lyapunov function taking into account the equations of the system (10): 
From the last expression, we get a particular form of controls 1 2 ,   that ensure the negativity of the Lyapunov function:
Synthesis of control is over. Hence, we have the following.
Theorem. Let   Modeling results confirm that the acquired control laws ensure an asymptotically stable character of transients.
CONCLUSION
The construction of a control system with compensation of uncertainty in the description of a nonlinear 3-dimensional object (poorly formalized object) is based on the synthesis of classic methods such as the method of control in the sliding mode, backstepping method, the method of analytical construction of aggregated regulators and the Lyapunov method.
A vector control system is constructed on the basis of a nonlinear mathematical model and ensures to perform a control problem when stabilization of coordinates of an object in the neighborhood of an analytically defined manifold exists.
